-1- SHORTENED WOUND HEALI NG PROCESSES BY MEANS OF NOVEL FI BER NON- WOVENS The
present patent application relates to a nultilayer dressing based on a
spunbonded or fibrous nonwoven. 5 M st wound closure is known in the art
(see, for example, Blank, Ingo, Wndversorgung and Verbandwechsel

Kohl hammer - Verl ag, Stuttgart, 2001, 142, |SBN 3-17-016219-5; Stalick L.
Managi ng and caring for a patient with a -donplicated wound. Br J Nurs. 2004
Cct 14-27; 13(18):1107-9; Metzger S., Cinical 10 and financial advantages
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unnecessarily LEedndesely. On use of wound dressings which do not adhere
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wound, the 5 wound defect |acks a supporting and | ead structure on which the

newly fornmed tjssue can orient itself and grow. This circunstance |leads to
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t hi ckness of S$Sér EpHes6be). ThHeepwplete rwitls thiagypo obf | vomthdviesmest. isl that she
Formed of ker a&violr}r? -gérﬁgc't medium, e.g. absorbent gauze, plaster etc., may become adherent to
the wound during healing. When the contact medium is subsequently to be removed,
the wound is often torn open again, whereby tissue which has just been newly
15 formed is destroyed again and removed. It is obvious that wound healing is
unnecessarily delayed thereby. On use of wound dressings which do not adhere to
the wound, thus preventing the wound dressing becoming adherent to the wound, the
wound defect lacks a supporting and lead structure on which the newly formed tissue
can orient itself and grow. This circumstance leads to a substance defect developing
20  in particular with deeper wounds. There is additionally unnecessary and unwanted
scarring. This problem relates in clinical practice to all wounds which relate not just
to the epidermis but also to the corium and, where appropriate, the subcutis (so-
called “deep” wounds) and require reconstitution not only of the epidermal layers but
also of the corium and, where appropriate, of the subcutis.
25
The thickness of the epidermis is normally variable and may, depending on the site,
be from 0.03 to 4 mm thick. Age and gender also have an influence on the thickness
of the epidermis. The epidermis has no blood vessels. It is formed of keratinocytes.

Keratinocytes are comeocytes which have a cell nucleus and produce keratin.

30  Keratin is water-repellent and confers strength on the skin.



Keratinocytes are coneocytes which have a cell nucleus and produce keratin.
30 Keratin is water-repellent and confers strength on the skin. -2- The
underlying coriumis an elastic |layer of skin which contains a high
proportion of |oosely interwoven and connective tissue. It may also vary in
t hi ckness depending on the site. It is thin on the penis and on the eyelids
at only 0.3 mm whereas the thickness of the coriumon the soles of the
hands and the feet is up to 2.4 mm 5 The abovenenti oned probl ens rel ate not
only to wounds wi th del ayed healing or no healing at all, such as the
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plaster) which can be brought into contact with the wound without the need to accept
15 the abovementioned disadvantages (contact medium becoming adherent to the
wound; destruction of tissue which has just formed, unnecessary delay in wound
healing, excessive scarring, defect (healing) formation). It was therefore the
inventors’ aim to develop a structure with which it is possible in moist wound
closure to leave the structure in the tissue and, even after healing of the wound, not

20 remove it, in order thus not to interfere with the healing process, to give a lead

structure to the newly forming tissue and in order ultimately to avoid scarring.

DE-C 196 09 551 discloses biodegradable and/or -absorbable fibrous structures
(silica gel fibers or fibrous structures). These can be obtained by drawing threads
25 from a spinning dope, which are dried where appropriate. The spinning dope
comprises one or more partially or completely hydrolytically condensed compounds
of silicon which are derived by hydrolytic condensation from monomers of the
general formula SiX4 in which the X radicals are identical or different and are
hydroxy, hydrogen, halogen, amino, alkoxy, alkyloxy, alkylcarbonyl or
30  alkoxycarbonyl or are derived from alkyl radicals and may be interrupted by oxygen

or sulfur atoms or by amino groups.



hydr oxy, hydrogen, hal ogen, am no, al koxy, al kyl oxy, alkyl carbonyl or 30

al koxycarbonyl or are derived from al kyl radicals and may be interrupted by
oxygen or sulfur atons or by am no groups. 3- Also known are the mnethods
described in WD 01/42428 and EP-A 01 262 542 for producing a skin inplant,
and cells, tissues and organs, respectively, which make use of the

af orenenti oned fibrous structures. WO 01/42%28 descri bes a nethod for
produci ng a skin inplant, where skin cells are put onto the surface of a
nutrient 5 solution, and the cells then grow, characterized in that a
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15  The solution offered by the inventors to the problem described above forms one
aspect of the present invention and consists of the use of the fibers disclosed in DE-C
196 09 551 for producing a multilayer dressing according to claim 1. This entails
processing said fibers to a nonwoven which can then be combined with all
conventional dressing means, in particular with dressing means which are introduced
20  directly onto or into the wound. This combination is referred to here and hereinafter
as multilayer dressing, even if it is not a typical dressing, but is a plaster, a compress,
or the like. One aspect of the present invention thus relates to a multilayer dressing
which has at least the following structure: a nonwoven 1, which is intended to come
into contact with the wound, and a membrane 3, which is water-impermeable and

25  includes at least one water-insoluble polymer.

The abovementioned multilayer dressing has the following structure:
a nonwoven 1, which is intended to come into contact with the wound, and
a membrane 3, which is water-impermeable and includes at least one water-
30 insoluble polymer, where the membrane 3 is either an adhesive plaster 3 and
includes an adhesive portion which adheres to the skin surrounding the

wound, or includes no adhesive portion and adheres to the skin surrounding



a nonwoven 1, which is intended to come into contact with the wound, and a
menbrane 3, which is water-inperneable and includes at | east one water- 30

i nsol ubl e pol yner, where the nenbrane 3 is either an adhesive plaster 3 and
i ncl udes an adhesive portion which adheres to the skin surrounding the
wound, or includes no adhesive portion and adheres to the skin surrounding
-4- the wound only when an adhesi ve has beeh applied to the skin surrounding
t he wound, and where the bondi ng bet ween nenbrane 3 and nonwoven | is | oose
and easily broken or non-existent. 5 and where the bondi ng between nenbrane
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hal ogen, am no, al koxy, al kyl oxy, 15 al kyl carbonyl or al koxycarbonyl or are
derived from abqupnpaa%am e8hd may be interrupted by oxygen or sul fur
atons or by amino groups. A nultilayer dressing as described in the previous
par agraph where the X radicals are identical and ethyl is particularly

preferred. 20 Fhehhetilapsrafressingds irbpatioulat 4 najtdsyed desssing gvimse desbrinkedisiagn t he
penul ti mat e paragraph, _where the hydrolytic condensation takes place in the
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condensed compounds of silicon which are derived by hydrolytic condensation from

monomers of the general formula SiX4 in which the X radicals are identical or

different and are hydroxy, hydrogen, halogen, amino, alkoxy, alkyloxy,

15 alkylcarbonyl or alkoxycarbonyl or are derived from alkyl radicals and may be

interrupted by oxygen or sulfur atoms or by amino groups.

A multilayer dressing as described in the previous paragraph where the X radicals are
identical and ethyl is particularly preferred.

20
Further preferred is a multilayer dressing as described in the penultimate paragraph,
where the hydrolytic condensation takes place in the presence of one (or a plurality
of) amino acids and/or of one (or a plurality of) peptides and/or of one (or a plurality
of) DNA molecule(s) or fragments. In this case, the X radicals in the formula SiX, of

25  the silane are optionally identical and are optionally ethyl. The presence of the amino
acid(s) and/or peptides and/or DNA/DNA fragments brings about their incorporation
into the fibers, by either covalent or non-covalent linkage. The amino
acids/peptides/DNA/DNA fragments are released from the fibers, corresponding to
the degradation thereof, after the multilayer dressing has been introduced into the

30 wound. In this case, on the one hand the amount of material released (amino
acids/peptides/DNA/DNA fragments) is determined by the amount of material
incorporated into the fibers (amino acids/peptides/DNA/DNA fragments), but on the



acid(s) and/or peptides and/ or DNA/DNA fragnents brings about their
incorporation into the fibers, by either coval ent or non-coval ent |i nkage.
The amino acids/ peptides/ DNA/DNA fragnments are rel eased fromthe fibers,
corresponding to the degradation thereof, after the multilayer dressing has
been introduced into the 30 wound. In this case, on the one hand the anount
of material released (am no acids/peptidesYyDNA/DNA fragnents) is determ ned
by the amount of material incorporated into the fibers (am no

aci ds/ pepti des/ DNA/ DNA fragnents), but on the -5- other hand the rate of
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ing

fibers used accor o the invention thout cells, fig. 4C and D show
the Si X4 fibers with cells and their 20 excell ent adhesi on and di stri bution

and fig. 4E and F show a cql]l agen fiber w Lh cells ose norphol ogy can be
ascert ai ned onFigURFS hta feibeigflypxplamgd heges Thesediguesshpyugh nature of the

col l agen matriXx; the diagrammatic structure of a multilayer dressing of the invention (fig. 1);

- the sketch of a perforated die in a die plate (fig. 2);

15 - a diagrammatic representation of a godet system and of an air-conditioning
unit (fig. 3);

- the adhesion of cells to the fiber surface visual by means of SEM (fig. 4),
where fig. 4A and B show the SiX4 fibers used according to the invention
without cells, fig. 4C and D show the SiX4 fibers with cells and their

20 excellent adhesion and distribution and fig. 4E and F show a collagen fiber
with cells whose morphology can be ascertained only with difficulty as a
result of the rough nature of the collagen matrix;

- the dimensional stability and shrinkage resistance of the SiX4 fibers used
according to the invention compared with collagen fibers and PGA fibers,

25 where the left-hand column shows, from top to bottom, a collagen fiber, a
PGA fiber and an SiX, fiber according to the invention before cell culturing
starts; and where the right-hand column shows, from top to bottom, a
collagen fiber, a PGA fiber and an SiXy fiber according to the invention four
weeks after the start of cell culturing (fig. 5); and

30 - the metabolic activity of cells (dermal fibroblasts) measured as fluorescence

by means of the Alamar blue assay after they have been cultured for 1, 2 and



t he di nensi onal stability and shrinkage resistance of the Si X4 fibers used
accordirng to the invention conpared with collagen fibers and PGA fibers, 25
where the | eft-hand col um shows, fromtop to bottom a collagen fiber, a
PGA fiber and an Si X4 fiber according to the invention before cell culturing
starts, and where the right-hand colum shows, fromtop to bottom a

coll agen fiber, a PGA fiber and an Si X4 fi-lser according to the invention
four weeks after the start of cell culturing (fig. 5); and 30 - the
nmetabolic activity of cells (dermal fibroblasts) neasured as fl uorescence
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particularly suitable fibers and nonwovens (wi th high or |ower
bi odegradabi l ity and bi oabsorbability). 20 The net hod described in DE-C 196

mor e detai | 117 st B O GARERE, Ao el RrnRRRa R pRitgoh SO
DE-C 196 09 551. In this connection, a person skilled in the art will take into account
15  and know that numerous parameters such as temperature, pressure, molar ratio of the
individual components, chemical nature of the precursors, of the solvent or of the
catalyst can be varied in order to produce where appropriate particularly suitable

fibers and nonwovens (with high or lower biodegradability and bioabsorbability).

20  The method described in DE-C 196 09 551 is to be described here once again, where
appropriate in somewhat more detail. It is preferred according to the invention to use
TEOS (tetracthoxysilane) as silane in a sol-gel process, although all the silanes
mentioned in DE-C 196 09 551, or mixtures of at least two of them, can likewise be
used. A condensation product with a suitable degree of condensation is prepared in

25 the presence of hydroalcoholic solution (preferably an ethanol/water mixture
according to the invention) which serves on the one hand (ethanol or ethanol/water)
as solvent, but on the other hand (water) also as reactant for the hydrolytic
condensation, at room temperature or else slightly reduced temperature (12-15°C). A
preferred catalyst for the condensation is an organic acid such as citric, succinic or

30 tartaric acid. These acids adjust the pH of the reaction mixture to about 3-4. The pH
must always be 7 or below, because particles are formed or the reaction mixture

undergoes gellation when alkaline.



TECS (tetraethoxysilane) as silane in a sol-gel process, although all the
silanes nentioned in DE-C 196 09 551, or nixtures of at |east two of them
can |likewi se be wused. A condensation product with a suitable degree of
condensation is prepared in 25 the presence of hydroal coholic solution
(preferably an ethanol/water m xture according to the invention) which
serves on the one hand (ethanol or ethanol-/water) as solvent, but on the

ot her hand (water) also as reactant for the hydrolytic condensation, at
roomtenperature or else slightly reduced tenperature (12-15C). A preferred
catal yst for the condensation is an organic acid such as citric, succinic or
30 tartaric acid. These acids adjust the pH of the reaction m xture to about
3-4. The pH niib¢ pwiduetys thecohdensadvehasvadjbsted uherepaiptipriaestoas suitablervdstosity t he
reacti on m xture _ undergqes gelggtion when a roduct_of the
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condensation reaction to the obtaining of the spinning sol to be 2-3 days.
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depending on the size of the 15 dies, a dianmeter of about 10 to 100 mand a
| ength of several (e.g. 3-5) m If the threads are wound up, they can be
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spi nni ng speedbregiting 0P brkARARIrBdistantthRhed. Ik Yhrehdsthas®aR@endihg 8 tHetsize of the
15  dies, a diameter of about 10 to 100 um and a length of several (e.g. 3-5) m. If the
threads are wound up, they can be further extended and their diameter further
reduced where appropriate by drawing (stretching) during the winding up (where
appropriate in a hydroalcoholic atmosphere). The winding up of the threads takes
place with spinning speeds of 100-1000 m/min, preferably with speeds of about
20 200 m/min. The threads spun in this way can be intermingled over a roll on a carrier
belt. The threads on the carrier belt can then be exposed to various temperatures by
the carrier belt traveling at a speed of 1-10 cm/min through various temperature
zones so that, through a condensation reaction proceeding further, the number of OH
groups remaining in the fibers (i.e. the biodegradability and bioabsorbability of the

25  fibers) can be adjusted as desired (it is preferred according to the invention to cool

the threads in the form of gel filaments on the carrier belt instantaneously to -35°C).

The intermingled threads (continuous fibers) are then compressed to give
(spunbonded or fibrous) nonwovens. The compression is effected by a pressure roll.
30 In this case, needle devices (pressure rolls with needles) are frequently also
employed. The movement of the needles up and down results in a milling process

which confers an additional strength on the nonwoven. The pressure of the roll with



20 200 M m n. The threads spun in this way can be interm ngled over a rol

on a carrier belt. The threads on the carrier belt can then be exposed to
various tenperatures by the carrier belt traveling at a speed of 1-10

cm mn through various tenperature zones so that, through a condensation
reacti on proceeding further, the nunber of OH groups remaining in the
fibers (i.e. the biodegradability and bioalgsorbability of the 25 fibers) can
be adjusted as desired (it is preferred according to the invention to cool
the threads in the formof gel filanments on the carrier belt instantaneously

to -35C). The_intepm nal t hregads_(.conti nuo fibers re then c ressed
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are frequently also enployed. The novenment of the needl es up and down

results in a nihetmalgreatmendswithike mpsmities yarymgagdhe rangalfrom rE6t to t65°Che
nonwoven. The pressure of the_roll wth.-8-. and w thout. needles ca e
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OH groups controls the (bio)absorbability: nore non-condensed OH groups
present mean anynbkert & OHbgwppbsar babdjusted . spghiicalhubbearyofg Bel lplduppimesnt be

adj usted specifically b aryi the holdup tinmes at 10 vari ous ..
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ST _,0H, with x =0.1-0.2 i'n the above forrmula for the nononer unit. e
nonwoven is suBeqgOhtwith wirdl. B02piprthpatave dotmda firtthe monomenypet: at ure of 50C
15 or to a tenperature above 50C in order to renove any water and et hanol

still present (e.g. fromthe solvent, but also fromthe residues of the

Lok Bt LT oRACHSAc ) S50 kg Rt ek i o
15  or to a temperature above 50°C in order to remove any water and ethanol still present
(e.g. from the solvent, but also from the residues of the initial silane, in particular
when TEOS is initial silane) to the desired extent, but usually not completely. This is
because it is desirable according to the invention for the (e.g. spunbonded)
nonwovens to retain a sufficient residual moisture in order to stabilize the
20  thermodynamically unfavored gel state (fibers with non-condensed OH groups in the
nonwoven) compared with the SiO, which is more favored at room temperature
(fibers without non-condensed OH groups, i.e. glass fibers, in the nonwoven).
Spunbonded nonwovens produced in this way can retain their gel state over several
months in closed (airtight) packages. The presence of residual ethanol, but also that
25  of water, proves to be particularly advantageous in this connection. This probably
derives from the fact that, in a (saturated) ethanol atmosphere, condensation does not

proceed in the direction of SiO,. On the contrary, it may in some cases be reversed,

ultimately determining the bioabsorbability of the fiber.

30  The described method is used to produce spunbonded nonwovens. However, fibrous
nonwovens — often called needle-punched nonwovens — can also be produced in this

way. In this case, the fibers are cut into pieces after the spinning process. These



because it is desirable according to the invention for the (e.g. spunbonded)
nonwovens to retain a sufficient residual noisture in order to stabilize the
20 thernodynam cally unfavored gel state (fibers with non-condensed OH
groups. in the nonwoven) conpared with the Si02 which is nore favored at
roomtenperature (fibers w thout non-condensed COH groups, i.e. glass
fibers, in the nonwoven). Spunbonded nonw®wens produced in this way can
retain their gel state over several nonths in closed (airtight) packages.
The presence of residual ethanol, but also that 25 of water, proves to be
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reversed, ultimately determ ning the bioabsorbability of the fiber. 30 The
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fibers are subsequently‘droned onto a carrier belt, pressed, needled and
subj ect ed to atherpdpneriartiquéstiynadvantageaiie seedrdiag to shmingention inghe maegaganent of

spunbonded nonwovens., the fibrous nonwoyvens..have no pr.onounc
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nonwovens is therefore particularly advant ageous according to the invention
i n the managenthatefof betepauted dorgilaoge undis niesppericalstrieske eigabkih everi tuscleas. can
general ly Bﬁ stated that fibrous nonwovens have in general greater

strengt hs the plane of the fibers and are therefore better suited for

pl aces under npRHaRdeadessliblSSrodfetdn STh® MO¥Etakeyplke$n tHDsol1p8l process on a
above-descri bed production of the fiber takes place in the sol-gel process

on a machi ne wathine Woth, foraerpingle, a léngtiyohatwiut dlpoe whith of abouti2dn ndh hatgbtit 2
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tover. However joddieg/qP” iR 0Riref8n @hdemeath the spinning tower. However, the dimensions of
15 the machine may also differ considerably from the magnitudes mentioned here,
depending on the fittings and capacity. For production, the machine requires a
cooling water circulation with adequate water supply, and preferably a heavy-current

connection.

20 At the current time, the fiber is produced according to the invention on an air-
conditioned spinning system. The air-conditioned spinning system is provided with
entering air which has a defined temperature and humidity by an air-conditioning
unit which is driven by circulating air. Temperatures in the range from 10 to 40°C
are preferred, especially temperatures of about 20°C. The unit is an air-conditioned

25  testing cabinet designated SB22/160/40-UKA supplied by Weil Umwelttechnik
GmbH. It was retrofitted for circulating air operation by Weil. In an insulated
spinning tower which is 2 m long and which has an external diameter of 680 mm, an
inner pipe with a diameter of 300 mm and with 3 mm circular perforations is inserted
to avoid interfering compression by the circulating air operation. The spinning tower

30 is connected to a box in which the winding devices for the abovementioned
continuous fibers or filaments are located. The panes of the box were made of

window glass (thickness 24 mm) for sufficient insulation and have a K value of 1.1.



15 the machine may al so differ considerably fromthe nagnitudes nentioned
here, "depending on the fittings and capacity. For production, the machine
requires a cooling water circulation with adequate water supply, and
preferably a heavy-current connection. 20 At the current tine, the fiber is
produced according to the invention on an air- conditioned spinning system
The air-conditioned spinning systemis promided with entering air which has
a defined tenperature and humdity by an air-conditioning unit which is
driven by circulating air. Tenperatures in the range from 10 to 40C are

BT conai 11 oneq o B ATRE Rk Efled TEA oS Ral Ahb ol Pessisd ey

Vi f 3 Umnel tt eThebdasoip the hitr coRditibging af id tra¢l cdsernot itieCinkerior og tixd inioPer &t i on
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with 3 mmcircular .perforati,ons is.inserted to.avaid interferin

Conpr esst on by PRE RseLPar G merpelnar B Eavia ML ArmPREFE SRRz by dhe
connect ed tP amARfabtiretivag AtthdHed Wit hRGIbREWILE Bfe 4i@bf tHeepCh oWeNEVEsRIMEdos
continuous fibers or filanents are | ocated. The panes of the box were nade
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probe in the spinning shaft. For actuation of the air-conditioning

equi pment,  whicoipeiaguralpsebepuassitiatedrita meabing theae:RGnpl tempetratires and thigpyelupns at e
software by, t he 5.n§n§%gcﬁur r _was a.tac@gd. lt.is gqssibLﬁHmﬁth the aid of
the PCC WN \EBTEh T8HEYpr8hrBF 14 pr BSetPIRWBe &t Ul e YAlNd PRYPYI §TO
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is in progress, a plotter can represent the tenperature and humdity in the

spinning shaft as a function of tine. An additional tenperature probe was

attached to ne re the external .te rature, .and, t hi s .val .1s 10 acqujred
digitally. For 1 GPRRFCHGES fiek SHIPFRE R0 c8YaR aif RIS cEEConfigring unit and
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15  diameter of 100 mm (external diameter: 250 mm). The connections were in each case
covered with Armaflex. Since ethanol is released where appropriate from the
spinning dope during the spinning process and may accumulate in the closed
circulation of air-conditioning unit, spinning tower and box, the system has been
equipped with a gas-warning device from GfG Gesellschaft fir Geratebau. A sensor
20  calibrated for ethanol and designated MWG 0238 EX was installed in each case in
the box in the direct vicinity of the motors, and in the test chamber of the air-
conditioning circulating air unit. An evaluation unit (GMA- 100-BG) gives a first
alarm when the concentration of the ethanol in the chamber air has reached 25% of
the lower explosive limit for ethanol, and a second alarm when 50% of the lower

25  explosive limit is reached. An alarm is likewise triggered if the sensor breaks down

or malfunctions.

A bellows gate valve and an adapter flange with three possibilities for connection is
attached at the upper end of the spinning tower, onto which the jacketed spinning
30  head which is insulated to the outside can be installed. According to the test report of

the pressure testing, the spinning head is suitable for a pressure of up to 50 bar



The connections for entering and | eaving air between air-conditioning unit
and spinning tower or box consist of flexible, doubly insulated tubing with
an internal 15 dianmeter of 100 mm (external dianeter: 250 nm. The
connections were in each case covered with Armaflex. Since ethanol is

rel eased where appropriate fromthe spinning dope during the spinning
process and may accunul ate in the closed-1gi-rculation of air-conditioning
unit, spinning tower and box, the system has been equipped with a
gas-warni ng device from & G Cesel |l schaft fir Geratebau. A sensor

calibrated for. et I, and desi nst.al l.ed |n ea case
‘' the box |y aDe S0tk FE AR GhmPiEohss GrE, b AR Ry et Fas ¢ aRaer
the air- condigfigoni igr 6f dpedilidd . @i r unit. An eval uation unit (GVA 100- BG)
gives a first alarmwhen the concentration of the ethanol in the chamber
air has reached 25% of the lower explosive limt for ethanol, and a second
al ar m when 509 th awer Ios mj is reached. alarmijs
likewi se trig e‘ae PﬁatF H& agé?z{?g eg;})(\!,%o% the W%E?ardoﬁg‘ ¢ a5Vt ds
gate val vesan @fém{ t &P [ i.Qn is
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According to the t est ort of the pressure testing, the spinning head is
suitable for d0fH ‘etﬁ@fmﬁp to 50 bar -11- (5 x 106 PA). Wth an internal
di anmeter of 45 mm the spi nning head has a capacity of 0.33liter of

spi nni ng dope. The die plate is attached on the underside of the spinning
head. The pl atEhevdeténdsuppodtingniayearhasfa @eshnwidtiasf a15 goe The hlimimimdesiger ¢fnt o
which a stal nl ess steel fapric in an  alum numhalder js inserted, The wire

fabric hadOt wdhy Hjrefabriq islepigned sq hobit PRRIIdRY DY O-SrB@HVRENEhA Nzl iswlacede
d h f
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network is pl apimhing headh thedommptsatd Al\Wgreristues plheaﬁ@emtwsdahbembmplhnmg
screwed with 15 Nmonto the _spinning head, the conpressed Al ring ensures
t he necessary hsadpnd plalfedtie plstesrivity 7 and 19 orlﬁces were used. The approach bore of an

orifice is 3.0 mm wide, and the orifice diameter is 0.15 mm. A capillary length of

jarey

15 0.45 mm results in an L/D ratio of 3. A sketch of a perforated die in a die plate is
shown in fig. 2.

The temperature of the jacketed spinning head is controlled with the aid of a
LAUDA thermostat (designation RE 112), the inlet and outlet tubing being covered
20 with Armaflex for insulation.

Viewing glasses are inserted into the three connections of the adapter flange between
spinning head and tower in such a way that the emergence of the threads from the
dies can be observed during the spinning process. In the design of a filament-laying
25  device, besides a winding unit, account was also taken of the possibility of fiber
bailing via a gas-conveying nozzle. For this purpose, a system of two godets with a
length of 159 mm and 220 mm was designed for the draft of the filaments, the rear
godet being inclined by 8° relative to the one at the front. Drive takes place via a
motor-tacho combination (designation S4.3 G 60) and transmission (designation 381,
30  3.71:1) from Faulhaber. The rotation rate of the first godet is automatically taken

over by the second godet.



head and plate. Die plates wwth 7 and 19 orifices were used. The approach
bore of an orifice is 3.0 nun wwde, and the orifice dianeter is 0.15 mMm A
capillary length of 15 0.45 mmresults in an L/Dratio of 3. A sketch of a
perforated die in a die plate is shown in fig. 2. The tenperature of the

j acketed spinning head is controlled with E?e aid of a LAUDA thernostat
(designation RE 112), the inlet and outl et *tubing being covered 20 with
Armafl ex for insulation. Viewing glasses are inserted into the three
connections of the adapter flange between spinning head and tower in such a
way that the eifbe geoné gofettche be hoteted sipfto 00V faster diaasirefh notteoltnsie thiedigotiet i ng

the spinning process. |In the design of a filanment-Ilayin 5 devi ce, besides
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third godet sesdvesd &dmM Sti@im 601843 Aum. bEheOfies sdp@tbntdnate demitewdd yn ce bdutsidelr af t
unit. It consists of a mandrel which is |ikew se actuated by a notor-tacho
combi nati on fr Shthealsfloagbect. and a cardboard roll can be gripped on the
mandrel. This cardboard roll is conposed 5 of five separate circul ar
segnents which are connected by a spring construction to give a circle

di amet er of(Q 15Fhenhiringddee i¢ ehsdxiRd &t af €harping dhiarfedmerIself Attomatioh. Usihg a
reduced from 159 mmto 143 nm The five segnents are |am nated on the
outside with &tepingsrotehwih the destgnationi 169%56%tth¢ Yingisg geyiey cam by chargedi ng
unit fromlsel-Auto i Ol} i Ng i ! i i 160
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charging rate t#obe séteatadifs dnadior B mim', @hd tthe godbt tcan be run manually with a

second control unit. A control unit for the godet motors and the charging stepping
15  motor was constructed from controllers (IT 142-C), a 1-axis stepping motor control
with adapter card and a control card (UMS 6) from Isel-Automation. A diagrammatic
representation of the godet system and of the air-conditioning unit is to be found in

fig. 3.

20 It is advantageous according to the invention for the nonwovens (in the subsequent
text, just the term nonwoven is used as synonymous with spunbonded nonwoven and
fibrous nonwoven) to be placed in or on wounds which are provided with externally
supplied physiological solutions such as physiological saline solution (0.9%) either
by first intention without secretion or by second intention. The absorption of the

25 nonwoven in the wound during the healing process makes it unnecessary to remove
the nonwoven during or after the wound healing. The fiber thickness can be adjusted
without restriction owing to the compaction process in the nonwoven and is varied
according to the nature and depth of the wound. Typical areas of application are for
wound depths of 1-20 mm, preferably 2-12 mm, substantially independently of the

30 thickness of the epidermis.



can be set at values from2 to 16 mn-', and the godet can be run manually
with a second control unit. A control unit for the godet notors and the
chargi ng stepping 15 notor was constructed fromcontrollers (IT 142-C), a
1-axi s. stepping notor control wth adapter card and a control card (UVS 6)
fromlsel-Automation. A diagranmatic representation of the godet system and
of the air-conditioning unit is to be fountBin fig. 3. 20 It is

advant ageous according to the invention for the nonwovens (in the subsequent
text, just the termnonwoven is used as synonymous w th spunbonded nonmoven
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nonwoven) chenfOtKPUDH 40 fio \Qéka@ paqveﬁﬁs} P eaYanRgsuLRy & @B‘%tMQ To#othe
extremely |argg, pbighby BV GHH 1d fenth Si atom. A functional OH group means in this
15  connection a possible free reaction site in the form of an OH group where, for
example, medicaments such as antibiotics, antimycotics, steroids and generally
medicaments with local or systemic effect can be coupled by hydrogen bonds or
condensation to the nonwoven and are then released gradually in the wound (drug
release). The absorption times are then around about 30 days, and the degradation
20  products (SiO; or SiO(OH) as nanoparticles) typically have a diameter of 0.5-1 nm.
The structure is elucidated accurately in this case by Si solid-state NMR, in particular
by Q4 mode measurement. Pressures preferred according to the invention are
typically 1-10 bar (10°-10° Pa), preferably 2-3 bar, and reaction times in the spinning
process are preferably 20-60 s, while the temperatures (in the spinning process) are

25  preferably kept at 15-23°C, in particular at about 20°C.

Owing to the geometry of the fibers, there is in fact observed to be a promotion of
wound healing (tissue guiding). In this connection, the highly hydrophilic gel fibers
in a two- or three-dimensional arrangement serve as physical lead structure to which
30 the proliferating cells can adhere and can form a usually collagenous matrix which is
appropriate for the location. Since the chemical environment of the fiber has an

approximately neutral pH (pH 7.0 + 0.2), and no organic decomposition products are



surface, for the absorption tinme of the nonwoven to be adjusted and adapted
to the npoist wound conditions. It has proved to be advantageous for a
functional OH group to be present every fifth to tenth Si atom A
functional OH group neans in this 15 connection a possible free reaction
site in the formof an OH group where, for exanple, nmedicanents such as
antibiotics, antinycotics, steroids and gengrally nedicanents with |ocal or
system c effect can be coupled by hydrogen bonds or condensation to the
nonwoven and are then rel eased gradually in the wound (drug release). The
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enviroment of the fiber has an approxi mately neutral pH (pH 7.0 0.2), and
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or irritatjons of the n form el.ls occu the contrary, wound
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abovenent i onedypRERR0geni ¢ factors (steroids, cytokines, TNF- al pha,

TG--beta 1/2, interleukins such as IL-1, PDG-, EGF etc. ) whi ch are secreted
5 by the vvound In contrast to gel atlnous and viscous matrix materials from

t he organic col | age | ur oni c Cld .n. LC ber
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15 or properties: it permits (1) improved cell adhesion (adhesion of the cells to the
fiber), and it enables (in complete contrast to known materials) (2) cell proliferation
(cell multiplication), (3) maintenance of the shape and stability of the fiber and (4)

long-term maintenance of cell proliferation and cell metabolism.

20 (1) Cell adhesion:

The particular geometry and morphology of the fibers allows in all cases faster
initialization and qualitatively better adhesion of cells to the fiber surface by
comparison with conventional bioabsorbable materials (such as polyglycolic acid
(PGA), alginates and collagen) (this improvement is depicted in fig. 4). A fast and
25  reliable distribution/sprouting of cells in all regions of the wound along the fiber
present in the wound is guaranteed thereby. Starting from cells adhering to fibers, a
reliable distribution of newly formed cells even remotely from the fiber is
additionally favored (key word: cell compound proliferation). It has been possible
impressively to demonstrate this advantageous property of the fiber used according
30 to the invention by use of scanning electron microscopy (SEM), histological and

immunohistological investigations, and confocal microscopy.



materials can be defined and adjusted extrenely accurately. The quality and
the 10 property profile are considerably inproved thereby in conparison with
organic materials. The fiber used according to the invention differs

di stinctly fromconventional biodegradabl e and bi oabsorbabl e bi omaterial s
by at least the followng four features 15 or properties: it permts (1)

i nproved cel |l adhesion (adhesion of the cells to the fiber), and it enables
(in conplete contrast to known nmaterials) (2) cell proliferation (cel

mul tiplication), (3) maintenance of the shape and stability of the fiber and
(4) | ong-ter ni2nbielipeolzfiorations ceII proliferation and cell netabolism 20 (1)
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surface. The neteshlInitiallg(afieroy }thd\ﬁtﬁret; ghik $atiowasoriled :0¥:41 MRis demonstrates
that the fiber used according to the invention displays its advantages only after a

15  lengthy period of at least one week, better 4 weeks.

(3) Maintenance of shape and stability of the fiber:

As it has been possible to confirm by using SEM, histological and macroscopic
investigations, the fiber according to the invention allows long-lasting maintenance
20  of the three-dimensional shape and a delayed contraction of the three-dimensional
fiber configuration (geometry and morphology of the fibers are very substantially
retained) by comparison with conventional bioabsorbable materials: conventional
materials such as PGA and collagen shrink (vitrify) by a factor of 4 and 6,
respectively, over a period of 4 weeks and moreover where appropriate also lose
25  their shape, whereas the fiber according to the invention can completely maintain
shape and stability over this period (this phenomenon is depicted in fig. 5). This
circumstance ensures a reliable construction of newly formed tissue and guarantees,
even with large wounds, an adequate diffusion of nutrients and metabolic products.
In addition, unlike the less dimensionally stable materials known in the art for this
30 purpose, new vessel formation is made possible and promoted. This means that new
vessel and tissue formation even with large wounds, and thus healing thereof, is

made possible for the first time by the material according to the invention, unlike the



Al amar bl ue assay as reference paraneter for the cell proliferation and
activity of the cells, is distinctly increased after a short to nedium
period of 1, 2 and 4 weeks by 10 conparison with conventional materials such
as PGA and collagen. The ratio of the netabolic activity of the cells with
the matrix of PGA or collagen or SiX4 (fiber according to the invention) is
1:5:11 (1 week), 2.5:1:6 (2 weeks) and 1.216-8:6 (4 weeks), Initially
(after 24 h), however, this ratio was only 1:4.5:4. This denonstrates that
the fiber used according to the invention displays its advantages only after
a 15 | engthy I S e epance
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15 maintenance of cell proliferation by comparison with conventional bioabsorbable

biomaterials, thus achieving reliable tissue construction/regeneration. The metabolic
activity of the cells, once again measured by the Alamar blue assay as reference
parameter for the cell proliferation and activity of the cells, is distinctly superior after
a period of 4 weeks with the SiX, fiber used according to the invention by
20 comparison with conventional biomaterials such as PGA and collagen: the

collagen:PGA:SiX, ratio is 1:1.5:12 (fig. 6).

The abovementioned Alamar blue assay (alamarBlue™ reduction) will be briefly
explained here.

25 The interior of proliferating cells is more greatly reduced than that of non-
proliferating cells. In particular, the NADPH/NADP, FADH/FAD, FMNH/FMN, and
NADH/NAD ratios are larger during proliferation. Substances such as alamarBlue™
which are reduced by these metabolic intermediates can be used to measure and
record the proliferation of cells. The redox potential of alamarBlue™ is +380 mV

30 (pH7.0, 25°C). alamarBlue™ is therefore reduced by NADPH (Eo=-320 mV),
FADH (Eo=-220mV), FMNH (Eo=-210mV), NADH (Eo =-320mV) and

cytochromes (Eo=290 mV to +80 mV). Since, as a consequence, alamarBlue™ can



5 multilayer dressing according to the invention. This supply takes place
not only by diffusion but also by direct transport of the nutrients through
the newy fornmed vessels/tissues in the open-pore nonwoven. In relation to
di mensi onal stability, the beneficial properties (cell proliferation, cel
adhesion) described in (1) and (2) add wup. 10 It has been possible

i npressively to denonstrate this by using the follow ng analytical nethods:
scanni ng el ectron mcroscopy (SEM, histology, nacroscopy. (4) Long-term

mai nt enance of cell proliferation and cell metabolism The particul ar
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dimensions can likewise be chosen).

15  Two different variants are available for suitable storage of the nonwoven: either the
nonwoven is put in a sterile and impermeable package (e.g. in aluminum) and stored
or dispatched for later processing. It is additionally possible to introduce into the
sterile package a depot, e.g. cotton, impregnated with alcohol in order to maintain the
saturated alcohol atmosphere. As an alternative to this, the nonwoven is directly

20  processed further to a multilayer dressing (the structure of one such is described
hereinafter and by way of example in fig. 1), i.e. joined to a water-impermeable or
semipermeable adhesive membrane (e.g. a polyurethane or polyester sheet). This
membrane is referred to hereinafter as adhesive plaster 3 or membrane 3, although
the membrane/sheet need not per se be adhesive at all.

25
The fibers and nonwovens are preferably kept through the preparation and
production period (from the production of the fibers to introduction of the nonwoven
into the wound) preferably in a saturated alcohol atmosphere in order to prevent
further condensation of the Si-containing fiber material and, associated therewith, a

30 loss of biodegradability of the fiber. This is achieved for example by means of a so-
called in-line production process which is carried out in a saturated alcohol

atmosphere up to the final product. This additionally has the advantage that a



fluorescent pink state. The extent of the proliferation can then be foll owed
by spectrophotonetry, either by color nmeasurenent or by neans of
fluorescence 5 (concerning this, see also the internet site of Biosource
Inc., Camarillo, California, (USA), with the address

www. | ueer nachem ch/ downl oads/ bi . osour ce/ al amar bl uebookl et. pdf ). The
nonwoven i s preferably produced, as already8renti oned above, in a saturated
10 al coholic solution. The nonwoven is therefore sterile. The size of the
nonwoven can be chosen entirely without restriction and can be adapted to
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stored or dispatched for later processing. It is additionally possible to
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which is carriBemghe wayng %\ahmtéﬁ adhesiveathester dthawegprhaare 3 yingon ey BipyHed
product. This gf}ddrtéh%ngédyf NagintdGe %Fas ALAYE LMl 3%85ures that the wound is

reliably sealed against the external environment by the use of the multilayer dressing
15  according to the invention. The further membrane 2 is in one embodiment not firmly
connected either to the nonwoven 1 or to the membrane 3/the adhesive plaster 3.
Nevertheless, a firm connection with the membrane 3/the adhesive plaster 3 may
exist. The crucial factor in this connection is that no portions of the nonwoven 1 and
of the newly formed tissue are removed when the membrane 3/the adhesive plaster 3
20  is removed. Attachment of the membrane 2, which consists of a water-soluble
polymer (any polymer which does not adhere to the nonwoven) and preferably of
carboxymethylcellulose (CMC) to the nonwoven 1 takes place for example by
hydrogen bonds. The choice of the polymer is not crucial in this connection (water-
soluble collagens or fibrin gels can also be employed here) because the membrane 2
25  merely ensures that the adhesive membrane/sheet of the adhesive plaster 3 does not

adhere to the nonwoven 1. This embodiment is depicted in fig. 1.

In a further embodiment, the further membrane 2 can be dispensed with since the
dressing means used does not adhere to the wound and acts as further membrane 2
30 and makes the latter redundant. Such dressing means which do not adhere to the
wound include. alginates (in compress form or as tamponade), collagen sponges,

polyurethane foams and foam dressings, hydrocolloids, hydrogels and



sterilization nethod (e.g. a gamma sterilization) is not necessary after the
nonwoven or the multilayer dressing has been produced. A typical nultilayer
dressing according to the present invention, fitted into a wound, 5 is
depicted in figure 1. However, other nultilayer dressings are al so

concei vable according to the invention and are presented hereinafter. A
so-cal led further nenbrane 2 is applied tol2he nonwoven 1, i.e. between
nonwoven 1 and nenbrane/ adhesi ve plaster 3, which has in the enbodi nent
descri bed here an adhesi ve nenbrane/ sheet (but which in other enbodinents
may 10 al so = L.ope SRMPREL, b ; et)
and in this omeepamers B Bl L WA PRt oS brReWER, 6 SR RESARE e
1 is not renovedtenéd asrstdwen incfignde 4 wittean bdieesivd{es ithecunplaamied sidh tshroumtihg ane
3 lying on top_ is pulled off or changed. The adhesive plaster 3/the
menbrane 3 enstife®oundk thpeadhssivg preferaly baing asé’é.’fﬁéﬂé%fﬁi #desivhe 2o RibbeERal
envi ronnment by . US i - i i to the
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either to the nonwoven 1 or to the menbrane 3/the adhesive plaster 3.
Neverthel ess, a firmconnection with the nmenbrane 3/the adhesive plaster 3
may exist. ThE &fwtieaembgdiment phtherpreseabiveriiqnyg dressingamneans ipaprlicdie the t he
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further enbodi Rewt Cormeg.f merksted e ribalaie Medicah Bivisiens pallesd fipmh Sslithcand he

dr essi ng nmeans t e S..a [ [
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15  Degreef (1998) Dermatologic Clinics 16(2): 362-75; Findlay (1996) Am Fam
Physician 54(5). 1519-28; Habif (1996) Clinical Derm. Mosby, 810-13; Knapp
(1999) Ped Clin N Am 46(6):1201-13; Krasner (1995) Prevention Management
Pressure Ulcers; Lewis (1996) Med-Surg Nursing, Mosby, p. 199-200; Lueckenotte
(1996) Gerontologic Nurs., Mosby, 800-7; PUGP (1995) Am Fam Physician
20 51(5):1207-22; PUGP (1994) Pressure Ulcer Treatment, AHCPR 95-0653; Way
(1991) Current Surgical, Lange, 95-108; or at the following internet addresses:
http://med2med.de/pages/produktdetail.cfim?prod=85696 &katid=6618 and

http://wound.smithnephew.com/de/node.asp?Nodeld=2692). In a further

embodiment of the invention, however, it is also possible to dispense completely
25  (entirely) with the further membrane 2 when the adhesive plaster 3 (which in this
case does not necessarily have adhesive properties) can be applied directly to the
nonwoven 1, because it is ensured that the adhesive membrane/sheet of the adhesive
plaster 3 bonds exclusively to the skin surrounding the wound, and thus adhesion of
the adhesive plaster 3 to the nonwoven 1 is impossible. This can be achieved for
30 example by either wetting, before the covering process, exclusively the skin
surrounding the wound with an adhesive (e.g. with Leukospray® from Baiersdorf) (in

this case, therefore, the adhesive plaster 3 itself has no adhesive property and is



pol yur et hane foans and foam dressings, hydrocolloids, hydrogels and 19-
hydropol ymers. In this case, the menbrane 3 is once again, for sealing the
wound, fastened as shown in figure 1 with an adhesive (on the undamaged
skin surrounding the wound), the adhesive preferably being a polyacrylate
adhesive, a rubber adhesive, or a synthetic rubber adhesive produced by the
hotnelt process. 5 In a further enbodi nent20f the present invention, a
dressing nmeans is applied to the nonwoven 1 and firstly does not adhere to
the wound (and therefore again acts as further nmenbrane 2 and nakes the

wbund o the onFEiae. ma Aol ey, ATERNE me AR 112 M IR 4TS
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pol yur et hane foam dressings, e.g. foamdressings from 3 Silastic from Dow
Coni ng, nar ket d8@2pgn adhienive PRRGTty AnlyoRtihe plgges ACh gianot£e Berbrowehtintagentact
Nephew, Lyof oawil ﬁ%%ﬁ@n Heal t hcare Group plc), since these foam dressings
have inter aliaa lTarge I'iquid storage capacity (see Bello (2000) JAVA

283(6): 7165 8; TA® aBR@iRehHlabttD IBhe Dosbiant BUt6nsidtd Atcvedid (t8)the I6venfion dfi a1dl ay
(1996) Am Fam Physician 54(5): 1519-28; Habif (1996 i nical Derm Mosby,

810- 13; Knapp Weteodmpermsablel sheetNofst Aesb png deateri@soly lasmdymelmg@‘}erab&se\?@ml on

195- 200, Lueckbnot PeFtr 1oaRgiteRflyiral SRt Ranaphgubty Berhiol® Biastraes,)

Am Fam Physi ci aé‘scﬁgecﬁ%@ ]a%()gd}%%ve RidRaliy 294d i IPrd?&§MEetthﬁ@Ies ToRFEABH 2
AHCPR 95-0653; Way (1991) Current Surgical, Lange 108; or at the
fol | owi ng int epoleracra]@t;ﬁ@ gve or a synthetlc rubber a eswe produced by the hotmelt
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by the user to the regions surrounding the wound, or to the membrane/sheet.
15
The water-impermeable adhesive plaster 3/the water-impermeable membrane 3
ensures that no moisture evaporates outwards and thus a moist wound environment is
permanently maintained, thus contributing to the absorption of the fibers of the
nonwoven. The absorption of the fibers also brings about the release of the
20  substances bound where appropriate to the fibers, i.e. for example a release and
accumulation of ions (e.g. Ag ions), medicaments (e.g. antibiotics, corticoids) or
morphogenic factors. These morphogenic factors (also called morphogens), which
are also formed by the body-during the wound healing, have a beneficial influence on
wound healing and are indispensable for good wound healing, include interleukins,

25  bone morphogenetic proteins (BMPs), antibodies, TGF-f§ and IGF.

The water-solubility of the polymer of further membrane 2 makes it easy to detach
this membrane (where present) after acting for a certain time (the aqueous wound
secretion gradually detaches the nonwoven from the further membrane 2, so that no
30  damage to the tissue occurs when the membrane 2 is lifted). Advantageously, silver-
doped polymers are employed as further membrane 2 in order to reduce the risk of

infection.



pl aster 3 bonds exclusively to the skin surroundi ng the wound, and thus
adhesi on of the adhesive plaster 3 to the nonwoven 1 is inpossible. This
can be achieved for 30 exanple by either wetting, before the covering
process, exclusively the skin surrounding the wound with an adhesive (e.g.
w th Leukospray from Baiersdorf) (in this case, therefore, the adhesive

pl aster 3 itself has no adhesive property-and is -20- therefore nore
appropriately designated nenbrane 3), or the adhesive plaster 3 being
chosen or cut appropriate for the wound size (in this case, the adhesive

pl aster 3 has an adhesive property only at the places which are not to be
brought into contact wth the wound). 5 The adhesive plaster 3/the nenbrane

3 consists aCCMﬂBa'ﬁﬂFtcﬁetishﬁg {snyeaBibieofr ?Ertﬁula\f\@t Rfgel WPEKd¥E@b emd8edausd At
| east one water-insoluble polymer, preferably PP, PVC or PU. It
addi tional | y hemegisumstanseoiheiadhesiesiorces loé theafurtbersmembiade Adat the ndawerémed

b dhesi I d.in.d i t echni .pr ef bl
ol yatryl at e aHii BB 0o b TP (R Tathel /B BOsUNEdH B (N Bl el 1
10 process,s WhgsRingNPeP RS kéiatatlgSReduthubber adhesive), which ought

preferably to have particularly good conpatibility wth skin. The adhesive
can be applied to the water- inperneable sheet even during or before the

roduction of the nultilayer dressing. However, it is al.sq pogsiple, .as
ent | oned 'abovopdients PETELEERIAE & enmisuiprotieydesapeis Bter bl ithe
regi ons surroundidiget BfsWRpOd, or to the nenbrane/sheet. 15 The

wat er -i nper neabl e ddhesive pl aster 3/the water-inperneabl e nenbrane 3
ensures that no noisture evaporates outwards and thus a noist wound

environment is_ pernmnent | intained, thus contributing to the absorption
of the fibds bf thé ™ @ﬁ%%\vggqssmﬁéﬁ&géawamﬁ% ao?or%wepﬂbé*ffgda}sslawsa?%g%
about the release of,hNenR0-GHAS! AL GRe RAUNRE, WHE L nRRMARY BALIdHOid ggter-

fibers, i.e. for exanple a release aﬁ'ge accurrul ati on ofr lons (e.g. I ons),
medi caments (e.g. ampennesblesanddaclbdesoatdslstame watephsglablecpdlgatyrwherd higs e

oy during the. wouRRIMEAEL hi, PARESE BHEt § andmaiiies 4orfdBeaye portion wiich |-
adheres to the skin surrounding the wound, and where the bonding between
15 membrane 3 and nonwoven 1 is loose and easily broken or non-existent.

2. A multilayer dressing which comprises a nonwoven 1, which is intended to
come into contact with the wound, and a membrane 3, which is water-
impermeable and includes at least one water-insoluble polymer, where the
membrane 3 includes no adhesive portion and adheres to the skin surrounding

20 the wound only when an adhesive has been applied to the skin surrounding
the wound, and where the bonding between membrane 3 and nonwoven 1 is
loose and easily broken or non-existent.

3. A multilayer dressing as claimed in claim 1 or according to embodiment 1 or
2, where the at least one water-insoluble polymer of the membrane 3 is PP,

25 PVCor PU.

4. A multilayer dressing according to embodiment 3, where the membrane 3 is a
self-adhesive hydropolymer.

5. A multilayer dressing as claimed in claim 1 or according to embodiment 1, 2
or 3, where the multilayer dressing further comprises a further membrane 2

30 between membrane 3 and nonwoven 1, which includes at least one water-

soluble polymer.



wound heal i ng and are indi spensable for good wound healing, include

i nterl eukins, 25 bone norphogenetic proteins (BMPs), antibodies, TG~ (3 and
| G-. The water-solubility of the polyner of further nenbrane 2 nakes it easy
to detach this nmenbrane (where present) after acting for a certain tine
(the aqueous wound secretion gradually debaches the nonwoven fromthe
further nenbrane 2, so that no 30 damage to the tissue occurs when the
menbrane 2 is lifted). Advantageously, silver- doped pol yners are enpl oyed

as further nenbrane 2 in . order tao reducg,the ri sk _of inf cti%n. -21 A
floating dressfng i # duHtlaperedresying aeeqrdingato) smbodiganty sy asre et dggst pdsause

in sonme ci rcumstang&%r'ggaﬁlbzf?g@g}eﬂ\épilsfms of the further nenbrane 2 for the

nonwoven 1 then becone too n these cases, hydrogels are possible as
thin (<5 M) 75 fl camuglaherydressisy aeqoadiag it @nivedinemnt SEsbodwherst the (Woaligr ed
according to the invention are described by the followng nmultilayer
dressings. 10 1. A ratwaendyiher gpesnkrpng)2 apd Bonveaienrliis depsa apdpassly droken. whi ch
is intended:.to, co [ Nt act W : . : ichis
wat er - inpe?negble anaﬂﬁﬁ%ﬁﬁ éggéRgP%%E%Hgﬁégﬁgggw&%ﬁéglﬂ§$25%%ﬁ§%é¥$ﬁﬁﬁere

the menbrane 3 is aatvathdoithe ndndsrbed 2 In@AshwaehUde soRRxREBAESI ve portion
whi ch adheres to the skin surroundi ng the wound, and where the bondi n%
e

bet ween 15 mentF ane 48 rawtilayendesseing jaccerdingo se embpadisaast |5y br 6lasnd.owhere

non-existent. 2. A nultil r dr in ich,conprises nwoven . i,ch
o htended o comboniins BBt B ir e et s GRa et B mieitenh it |
wat er - i npermeabl e anhokd\gldsheBy Bfokkf 36 LiiiPRE&tAME Mdinbsakbblee pol ymer, where
the nmenbrane 3 includes no adhesive portion and adheres to the skin

surroundi ng020 10he Woondtileyrrydretsing asrclainied ap leirhd soriseeordmgip iegotmertid toki n
surrounding the woyn

nonwoven 1 is | oose” gm??%gréqmpﬁllitﬁ?%‘ﬁggq{g%%%g"ﬁg’geitc\é\?@ﬁfege%?g%rﬁﬁ’ﬁ%t?Eg@‘a&ﬁn
dressing as clai med shongdel aipHlvhr@haRe foRfdbnbahP1a980 A yaledtol1id0% hydrogel or a
hydropolymer between membrane 3 and nonwoven 1.
11. A multilayer dressing according to embodiment 10, where the bonding
15 between the alginate, the collagen sponge, the polyurethane foam or foam
layer, the hydrocolloid, the hydrogel or the hydropolymer and nonwoven 1 is
loose and easily broken.

12. A multilayer dressing according to embodiment 10, where the bonding
between the alginate, the collagen sponge, the polyurethane foam or foam

20 layer, the hydrocolloid, the hydrogel or the hydropolymer and nonwoven 1 is
non-existent.

13. A multilayer dressing according to embodiment 10, 11 or 12, where the
bonding between the alginate, the collagen sponge, the polyurethane foam or
foam layer, the hydrocolloid, the hydrogel or the hydropolymer and

25 membrane 3 (i) is non-existent, (ii) is loose and easily broken or (iii) is stable

and unbreakable.

It is possible if required also to apply (further) dressing material (e.g. absorbent
gauze) or other material (e.g. for padding or protecting the wound) to the multilayer
30  dressing according to the invention described on this and the preceding page in its

various embodiments. In the context of this disclosure, therefore, a distinction is



2, where the at |east one water-insoluble polymer of the menbrane 3 is PP,
25 PVC or PU. 4. A nmultilayer dressing according to enbodi nent 3, where the
menbrane 3 is a self-adhesive hydropolyner. 5. A multilayer dressing as
claimed in claiml or according to enbodinent 1, 2 or 3, where the

mul tilayer dressing further conprises a further nmenbrane 2 30 between
menbrane 3 and nonwoven 1, which includes-as-least one water- sol uble
polymer. -22- 6. A nultilayer dressing according to enbodi nent 5, where the
at least one water-soluble polyner is CMC. 7. A nultilayer dressing

according to e i [ r j: p@ﬁp- . pane
2 and non\/\ovenq%%lgsh gFegIE)E gt“;aéﬁ% %{aeasé\({iagﬁ %ﬁlgﬁ%éﬁe&‘gh@gm/@% ti gi;?géll %rggesérpsqs %d
accordi ng to edkesinpeitterilor 6, where the bonding between further menbrane
2 and nonwoven 1 is non-existent. 9. A nultilayer dressing according to

enbodiment 5, 6, 7 or 8, where the bonding between further nmenbrane 2 and

menbrane 3 (i) 4.§ nop-existent. (i} i.s, | gose and easi | roken or,(Giii) is
Stabl o and nbRSIRA e RongoT i\ bh, brelifip. ARG ReBY of Hacckrell Fel Rhhaer
or according t@r@sﬁmg%.&eﬂﬁeﬂi@ Prodfictiodglee duiigg Ml dtbrlady OF il @&THHEY &itHet BT
conprises an al ginate, a collagen sponge, a pol yurethane foam or foam

| ayer, a hydr oswhploindpwavény dr egyeiulidlayer drassimg)pdl i meefetsdi yweeatedremitheasnigf@eand

1. 11. A til d i di t nbodi t 1Q, where th
bondi g 15 be VA ORGP ENSa HOEGF Metier whh GREeT R I GARIENER  oam
or foam |ayer o dagtshindr DeQlol Aseapih .ggﬂé’%&ﬂ%ané’ris L@ eAYSH AROEREer ARkkre

nonwoven 1 is | oose and easily bro ) mul ti'l ayer dreéssing according
to enbodi nent approphateeiminedibEidibefore bagplisetion hetoalths netwnd. tine thin| prafpened

sponge, th ol yyret hane foam or. foam 20 |ayer, the hydrocollojd, .the
hs dr gg el OTO P h g% werahtds RETFREAT¥ Lo 1€ gmber tﬂat alé/oqlo?, as expfamed agove,
although it stabilizes the sterility and the fiber chemistry, is extremely painful when
brought into contact with the wound. It is therefore possible in a further preferred
embodiment to use physiological saline solution as medium. Altematively, the

alcohol can be evaporated or washed out before use, thus making the use

15  complicated overall, however.

Typical dressing means with which the nonwoven can be combined are for example

the following products (trademark designations):

Dermaplast Film/Active und Hydractive®; Hydrofilm Plus®; Hydrocoll® (Hartmann);
20 Comfeel(-Plus)®, Biatain®, Seasorb®, Contreet® (Coloplast)

Cutinova Hydro®, Acticoat®, Allevyn® (Smith&Nephew)

The nonwoven may, however, also be combined with all variants of products or be
available on the market, e.g. with the following products of Smith & Nephew (all
25  registered trademarks):
Hydrogel dressings, IntraSite Conformable, IntraSite Gel, hydroselective wound
dressings, Cutinova Hydro (e.g. hydrocellular foam wound dressings), Allevyn
product group (e.g. alginates, antimicrobial wound dressings, enzymatic
debridement, odor-absorbing dressings, postoperative dressings), Cutiplast Steril,
30 Hansapor Steril, OpSite Post-Op, Primapore (e.g. special dressings), Allevyn
tracheostomy, Cavi-Care, EXU-DRY.



non-existent. 13. A nultilayer dressing according to enbodi nrent 10, 11 or

12, where the bonding between the al ginate, the collagen sponge, the

pol yur et hane foam or foam | ayer, the hydrocolloid, the hydrogel or the

hydr opol yner and 25 nenbrane 3 (i) is non-existent, (ii) is |loose and easily
broken or (iii) is stable and unbreakable. It is possible if required al so
to apply (further) dressing material (e.g-24bsorbent gauze) or other
material (e.g. for padding or protecting the wound) to the nultilayer 30
dressing according to the invention described on this and the precedi ng page
inits various i I e t 10 S:-.di , re, a
di stinction i Sﬁ%%ﬂ%@g&cﬁfggg%tf%&xmg%e rCeoglféblntrl{%f ﬁ%@hé%%%gﬁé?mgé@ggf
the mul til ayer debsgifgd fgordendo RS g HRbtbeney foBaEahle ddbetingnmomeR. The put
onto/into the wound or processed to the multilayer 5 dressing (i.e. after
its producti onadyangages whiehyhpvesbeqnomagieonsd for she myaafinar re esiidgnéin particgiagp| e

nonwoven or as L tilayer essi Ng).,. ~é\ IS fer seal e n e surface
Wi oh Tater cotben vy BHESHIGES B ke 1 Rt o P DAl el P i
which prevent and WBedtieadRla @28 I AibiotRenRAbAANe additith thetbritdvelYah BRo USer
where appropriate imredi ately before application into the wound. In this

preferred 10 ehbedinhimed withothewtginate tamponadesaneniioped beremabortseas qofetinginctbhol |
as expl ai ned above | t hough (it stabilizes the sterility and the fi ber
chemistry, is 8%tp>gr§gﬁvérr9§pﬁ?1&|wwgg§es&n§&ght into contact with the wound.
It is therefore possible in a further preferred enbodinent to use

physi ol ogi cal saline solution as nedium Alternatively, the alcohol can be
evapor at ed or Whslskapeonftthp afwtikeyersdressitgimaydkivaged heconding td theclopasidancefi the

1, h . i,cal i ith which t b
combined afb oo AR & <Eie " sud PYRRRG prisuorShCrr ABHARR deoRERADAS) :
Der mapl ast Fi | ghAM1E U6 ﬁ@%‘i%%)a)%rfitﬁ;@ wouddd A0 hbssB1E! Sk bi dfé"afé%&%g; i the

(Hartmann); 20 Confeel (-Plus)(r), Biatain , Seasorb(r), Contreet(r
(Col opl ast) butterfly shape, which can be used in the anal region.



Cutinova Hydro(r), Acticoat(r), Allevyn (Sm th&\ephew) The nonwoven may,
however, also be conmbined with all variants of products or be available on
the market, e.g. with the follow ng products of Smth & Nephew (all 25

regi stered trademarks): Hydrogel dressings, IntraSite Confornmable, IntraSite
Gel, hydrosel ective wound dressings, Cut?ﬁova Hydro (e.g. hydrocellul ar

f oam wound dressings), Allevyn product group (e.g. alginates, antim crobial
wound dressings, enzymatic debridenent, odor-absorbing dressings,

post oper at i @aihi£ssi ngs), Cutiplast Steril, 30 Hansapor Steril, OpSite
Post-Op, Primapore (e.g. special dressings), Alevyn tracheostony,

Cavi - Care, EXU- DRY. -24- Thus, the nonwoven can for exanple be conbined with
pol yur et hane or PVA sponge dressings in order to increase the absorbency
for heavily ;secretjng. . The.. i.ch h en nentioned for
the inventi olh arg@@?LH&%B?%“Bé?ﬁ@%é?”ﬁ%ﬁi% I:,/thif:)f}}lu}lr% %ﬁ%@%s (e.g. V.AC(r))
are used, e.g. inRrdda®obéetwEbh isdhtef@R tokoRUndohtadNdithARNVOR &nd S @ need
for antibiotic irrigations. In addition, the nonwoven can al so be conbi ned
wi t h t he5al gi nat @ membpranadewhiebris wateedmbemneiablaivo vemipsrroeabde amyincludesas least
context of hydrocoll oid .wo dressings. The shape qof. the multjl ayer
roserng may. be R ITARNGE RGOS HETs BEdprORAGE St eltier GRSl
shape and extent _iRQ: Al : t al.eh il e
to the anatony ofah ?ﬁ@%ﬁ%%di&%zﬁ ea’gﬁgﬁgﬁgf 9?%@%%5& ngmﬁgg %lﬁ?&lng’
butterfly shape, onshwhdte e embiagé ihdluddiendadhesivegpartion -add- adBefdsntd the shin
mul tilayer dressing which has at |east the follow ng structure: a nonwoven
1, which is intesdgaundingdhe wawnd ewyitwheen wntadhesie amrhﬁenamhsd donabikime
3, whi CE& IS water-i rrpec{jrre bl e or, sem perneabl e and includes at |east one
vat er - i ndol ubl e pEFYMINE PEFUOhe “rerbrane 3 is either an adhesive pl ast er
3 and includes afqaches eepbdidg Bitwdbl flemBeRreind Rodwived ki 3 186¥e dNAing

t he wound,
broken or non-existent.

2. The multilayer dressing as claimed in claim 1, where the at least one water-
15 insoluble polymer of the membrane 3 is PP, PVC or PU.
3. The multilayer dressing as claimed in claim 1 or 2, where the membrane 3 is a self-
adhesive hydropolymer.
20 4. The multilayer dressing as claimed in any of the preceding claims, where the

multilayer dressing further comprises a further membrane 2 between membrane 3

and nonwoven 1, which includes at least one water-soluble polymer.

5. The multilayer dressing as claimed in claim 4, where the at least one water-soluble
25 polymer is CMC.
6. The multilayer dressing as claimed in claim 4 or 5, where the bonding between

further membrane 2 and nonwoven 1 is loose and easily broken.



or where the nenbrane includes no adhesive portion and adheres to the skin
surroundi ng the wound only when an adhesive has been applied to the skin 10
surroundi ng the wound, and where the bondi ng between nmenbrane 3 and nonwoven
1 is loose and easily broken or non-existent. 2. The multilayer dressing as
claimed in claim1, where the at |east onéddwater- 15 insol ubl e pol yner of
the nmenbrane 3 is PP, PVC or PU 3. The nmultilayer dressing as clained in
claiml1l or 2, where the nenbrane 3 is a self- adhesive hydropolynmer. 20 4.
The mul til ayer driftheshalilaysr dressing disichaimey infcldimes of € exlieng tled Bording béteeen t he
mul tilayer dressing further conprises a further nmenbrane 2 between nenbrane
3 and nonwoven fw%%ﬁmgwﬂﬁW@i%é@%n%ﬁWD@ﬁéﬂS@WbeMﬁ@é¥-soIubIe pol yner. 5. The
mul tilayer dressing as clainmed in claim4, where the at |east one

wat er-soluble 25 polymer is CMC. 6. The nultilayer dressing as clained in

claim4 or 3 whemng hiRilden drdsinb sV sihedfiHr 4 f BB A8 2 Whdde MR BONEHS 1
is loose and easily broken. -26-"7. The nultilayer dressing as clainmed in
claim4 &r 5, whécbvachduttherdnembiase Reand hembiase 3n@nisrmaneexstemd(in onlvoseand. i s

non-existent. 8. The nultil ayer. dressi as claimed in any of clains 4 to 7,
where the bondi nﬁamg' 138{‘%@?{}/15&? ﬁtﬁ@F aﬁ‘iﬁ%‘?r ?'}@lb% and nenbrane 3 (i) is
non-exi stent, (ii) is loose and easily broken or (iii) is stable and
unbreakable. 9. The nultilayer dressing as clained in any of clainms 1 to 3,
where the md.til d&hermultilass dregsihg at bRimed ivp anys 6F chimsll gbriatwhera theombikidser

sponge, a pol yurethane foamor 10 foam/|ayer, a hydrocolloid, a hydrogel or
a hydropol ymer béltsseiag fraherreomprsesar alginsifugeoblagen s@ngghepekirethang &am or

d i | ai ned i | ai he bondi b h |.qi h
col T ager Cponge, TR HysTybBrstaEles o b aRe R AM Rehpa et mOnah fud o

the hydrogel or tagwhysd ppol yner and nonwoven 1 is |oose and easily

10.  The multilayer dressing as claimed in claim 9, where the bonding between the
alginate, the collagen sponge, the polyurethane foam or foam layer, the
15 hydrocolloid, the hydrogel or the hydropolymer and nonwoven 1 is loose and easily

broken.

11.  The multilayer dressing as claimed in claim 9, where the bonding between the
alginate, the collagen sponge, the polyurethane foam or foam layer, the

20 hydrocolloid, the hydrogel or the hydropolymer and nonwoven 1 is non-existent.

12.  The multilayer dressing as claimed in any of claims 9 to 11, where the bonding
between the alginate, the collagen sponge, the polyurethane foam or foam layer, the
hydrocolloid, the hydrogel or the hydropolymer and membrane 3 (i) is non-existent,

25 (ii) is loose and easily broken or (iii) is stable and unbreakable.

13. The multilayer dressing as claimed in any of the preceding claims, where the
nonwoven | includes biodegradable and/or —absorbable fibrous structures which
can be obtained by drawing threads from a spinning dope, where the spinning dope

30 comprises one or more partially or completely hydrolytically condensed compounds



broken. 11. The nultilayer dressing as clainmed in claim9, where the bonding
between the alginate, the collagen sponge, the pol yurethane foam or foam

| ayer, the 20 hydrocolloid, the hydrogel or the hydropol ynmer and nonwoven 1
is non-existent. 12. The nultilayer dressing as clainmed in any of clains 9
to 11, where the bonding between the al gingate, the coll agen sponge, the

pol yur et hane foam or foam | ayer, the hydrocolloid, the hydrogel or the

hydr opol yner and nmenbrane 3 (i) is non-existent, 25 (ii) is |oose and

easily broken or (Jij.) is.stable and. ynbreakable. 13. The.nultil ayer
dressing as cl ai rfl(aflos““%‘P“aWF farﬁh@rwég’@gwgohwﬁica#naﬂweﬁ%m% G virihe

i ncl udes bi odegr ﬁﬂﬂ( IQ; r i r } e
obt ai ned by drawﬁ%gg%ﬁfea 49 #%%?gqggﬁﬁﬁﬁh§:%§§§§‘ﬁ é?@hﬁhgéégpﬁﬁgﬁé&gggg 30
conprises one or hydfaxypahydrepén; dralapenpl iy bikdkpl yalkglaky,y atkylclebeastl or

conmpounds -27- of silicon which are derived by hydrolytic condensation from

nonomers of the aemyeabondoraredegivad from alkylapdiedieand may be interruted byjesiteer al
or different and are,. hydrox hydr ogen, hal ogen, am no, al koxy, al kyl oxy,
al kyl car ony! or‘“&FK@%éQQFBgR§F%3P P¥%eri ved from al kyl radicals and nay
be interrupted by oxygen 5 or sulfur atonms or by am no groups. 14. The

mul tilayer dressing as clained in claim 13, where the X radicals are
identical ahd arBheemhbltilayer dressing as claimed in claim 13, where the X radicals are identical

and are ethyl.



